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^^^^^^1 ^ '^ll- ^l-g-tb ^^>^ ^51)1 A] Bl ^^^«j-^{Thin film formation 

apparatus and method for forming capacitor of semiconductor device using the same} 

S 4^ ^ it^oil 2l5>c>^ ^^fil ^^El 14^ £A]tV neflS 

:£ 6^ ^ ^11 ^Ajc^lo]] al-D^ 7ll^^^S. S-A] 
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£ 8^ £ 5^ ^^^^\ ^^S7loll <g^^ ^7]^ ^flH^o] <^ 7^^^o_s, ^X\^ S. 

S. 9^ ^ :^12 ^Ajo^lofl o]^ y^^^S. 

£ 11 i^^i £ 20^ ^ "0:^^ m ^^i<^i ^112 ^Ajc^icH] o^tv 

vH^Ml9 ^A]<^1* ^^^1-71 J:#£#o]rf. 

£ 30^ £ 28<Hi ^^]^ m ^^Hm ^^1^ ^£.^1 ^^>^ T^sflAiE^^i ^]3i^] 
[^^^ 

<14> ^ i^Tg^ wi-^- ^1-^1 ^ oil- Ol-g-^ ^^>o^ 714^1^^ ^^^«o^^<^l ^t!: ^ 

cj-^fl tJlCmulti- chamber )# ^ '^ll- -§-?}- ^^^] 
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^^^^^m -^^^^7} ^ ^^y^t^ ^V-§-tb^. 

<16> ol^o]lA-l, ^^o^ o.^^T^a^^ ^Tfl <^^<=Hl^i Sx]-^^ O.^ ^ 

^5]-^^^ ¥^^^7>^7>E]^ ^3^^<^1 9X^. ti>£xll 4l^V^ ZL^^Sl-ol] -^B^^} 

<17> ^^tl: Jl-B-^^--^^. ^o^-fr^^l, <^l^i^ PbZrTiOsCPZT), BaSrTiOsCBST)!- # ^ 

Si^t-fl, 7j-B-^^l^ ^el^ ^e^^ ^^^i- ^^f- <:>5l-^^3}-^ ^e] ;^>^^^ « 

7]-^H ^ 100-1000^ 31^^^* 5H^^1B^<^1 X]. 

-g-s^m 500A21 ^7P]]S. ^^^^Ms^S. ^7} ^sl-^ ^7)11- lOA o]^}S. 

<18> neit-ll. BST, PZT Jl-a-^^-* ^^1^ ^5.^] ^^>^ 7^ sfl a] b] 2i-§-^>7l ^^1- 

^^1-2] (step coverage)ol -f^^V^^^I^ ^}JL ^^^:\b\b] 

<19> ^7] Jl-fr^^, <^l^cfl BST^# MOCVD«J-^^S. ^^^sr}'^ T^sflAjBlc^] ^-g- 

^-f ¥^d^^ #711 ^>7] 500°C <^l^c]-^ Ji^<^l^i 
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:^^o] ^c>;^]^ :li:^Hl ^-g-^ S^Tfl ^cf. 500 1: o]^o\ jL^d\] 

m^i^ n^o] ^^no] Ai-^s]^ ^^]^-ir <^>7i*b4. 

<20> olaf ^^1^^ n^^}7] ^^M^ Jl-fr^^^ 3i]^^^ol soot; ol^>o^ 

^^o] 50 ol^V^ til^^S ^ a]^^ol Jl^^n^o^ ^^o] o,y^^ 

^ :^>iS^Ei ^^^^ c^]^Tfl EJ^ «.ol Jl O-^Bl- vfloll ^^^}c^ 

<2i> o]^ i-B-^^ ^^^1-^ 1:^1-^ ^l7l*>7l 500 °C ^1^>^ ^^^^l^i 

Ji-H-^^* 600°C JL-&c^]^^ ^^^el^m «o^^^l ^msl^T:^-. ^elM-, 

600 r ^1^^ Jl^^l^i ^^^m ^ ^S.^] ^^}^ 7]^X\B\$] ^^-Jj^ v^^o] ^^BV 
o] ^2]-£]7lul- ^-^^^Vo] «i2l-^cl-. 500 "C X-l^ojjA-l ^a}-^ j7-B-^n|^ 

600 'C ^^<Hl^i ^^^Sl^><:^£ ^]7]^^] ^^r^-^ ^ # 

<23> ^ tiVT^o] o]3-^^]. ^].^ Cfs 7]^^ ji^^^^ «Vn| yQ.^^^ 
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^^^^1 ^^*!r ^^>^ ^ch^l- 

^]]o]^^ S.^ ^ -as-^m ^ S.^'a-* ^al^>^ ^^^^ %n]s>]-, ^7] S^^is] 
<=>11 ^ZL -e-^^^* ^-71^ 4^1^ ^^al<Hl 

<25> >^V7] T^^^ ^^S7l RFCradio frequency)M- ECR(electron cycron 

resonance) 1-2^^t^> #^57]S. ^^^^ ^91^. ^y] ^7]'E- ^^^] ^^AS ^ 

^S7l7> <?^mSl<H ^4- ^71 Cf7l^ ^flttl^ Hfl7l^<Hm -2-^ ^171 ^^171- 

-^71 Cf7l^ ^fltt^^ ^>:^^ tiVS^l ^]'=>]^7} ^^]^>^ ^]^ltfl5q- H Ol-Eflofl ^]B\7} ^4^]^^ 
9X^, ^7] r].7]^ ^« til si di^i ^^IS^E] ^-^^ on^l -^7] ^<asr>7ll 

&^>«- ^ ^>^17} ^^ISI^H ^Cf. ^7l ^flW^oll^ ^^til, ^ 

^5)- ^fltfl. ,^^el ^flw] ^ c^l^ ^Wl7> ^ '^l^ 1^-1 ^^^^ XZ* 

<26> ^'^^ ^^1^ 4n^7fl2l *1]<='13J17> S.^^ n>mE7> 

9X^ S.^^^ ^WjSl-^ M€^3^1 ^fltJ^fi^-, ^7] H ^^5^ ^flH^oll C^^£]<H ^Jl -^^^^ ^ 
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^ ^aV ^fly]^, ^7l ^fltH<Hl <?!:t^ ^^WlS^. ^J-7l ^^^51 sflH^oll ^^^^ <>) 

^^Wl<^l^ ^^^S] ^^Bl. ^ ^^W^ %^^} *>M- S 

<29> Aj-7l cfs 7l^^ ^^]^ ^^^^>7l ^ ^^^^ ^£^1 ^^>^ ^^^IB^ 

7]^ ^oii ^>«- ^^^^}^ ^7] ^q- ^c^] -B-^^* ^^^«> 

<30> ^V7l -^^n^ ^ ^^^21^ ^^Wl<^lAi ^ SXr].. ^7] ^± B^-C^ ^ ^^7] 

^ ^^o] AV^^^ ^^7lolc^, ^7] #5^-^P> ^^7l^ N2O, O2, NH3, Ar. N2^ 

ECR ^^RF l-e}-^^> ^^7lolcf. >^7l -R-^^ ^ ^^Bl^ 1^ "ll^^ 

^S. 9X^. ^7] ^^^^ Ta205, AI2O3, Ti02. Y2O3, SrTiOa, (Ba.Sr)Ti03, PbZrTiOa, 



<27> 
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SrBi2Ta209, (Pb,La)(Zr,Ti)0 3 Sfe Bi4Ti30i2^^1^i 'Hi^ ^l^S. ^^^^ ^ SX"^. 

<31> ^1-71 -e-^^-^ ^7] ^^^5^^ ^ 

<32> ^7] ^^-i: ^a}-*>^ ^o]] ^i^^Sl- 01^^ ^ oj^jl, ^7] 

<34> ^^^^^ ^^^] ^^151 71 3X11 A] 71:^: ^<Hl ^ 

^^*>^ ^^l^l-. ^7] ^j-oll -B-^^^^ ^^^^}^ ^^1^. -^^^ ^l-oll 

<35> ^V7l A].^ ^^7l^ i2.^<:>l 3£^^ ^^7]o]t]., ^7] -^-^^ 

^ Ta205. AI2O3, Ti02, Y2O 3, SrTiOs. (Ba,Sr)Ti03, PbZrTiOs, SrBi2Ta209, 
(Pb,La)(Zr,Ti)03 Bi4Ti30i2^<=>11^i ^MS. ^^^^ ^ 9X^. ^7] ^^^^S. 

-^Hl ^12 ^^^^>'=^ ^^1 ^^11- ^7>A1^ ^ 

<36> ol^2)- ^ ^vx^^ ^1-:^ ^14 ji-B-^^ ^o^l o^^ 
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^u}o]^^ ^^t}c^ i}^ ^^ ^Hl IL^^^ ifl'^l ^^^1-^ ^'U ^ 9X^ 

¥^ ^711 ^ $icf. ^ ^^^^ ^^^^ ^«S^]-^ Jl-fr 

<37> o]^K ^S^M ^ ^^^]^}7\] ^4^^^. 

<38> ^ ^^^^m^ ^7] s\-n 7]^ ^^^^ 500 °C <^1^1-^ ^'\^'^]^^ 

^1^ ^ ^^7>* ASz]-3r>^t:f. ol^HlAi^ JL-n-^^^ ^IS. 5llSy.i7>olE ^ij^^,^ 
BST^* o]^s->^ 0.14^ :i 5qo)i ji-e-^^, c^l^rfl Ta205. AI2O3, Ti02. Y2O3, SrTiOs 
(STO), PbZrTiOsCPZT), SrBi2Ta209(SBT), (Pb,La)(Zr,Ti)03 Bi4Ti30i2<^l 1^ 

<39> H 1^ ^ ^5-}oi Jl-a-^^ ^ -n-^<^1 4^ ¥^ ^^]^ 

<40> ^^l^^^s., £ 1^ «^^B^-(^>«. ^^)/BST^(Jl-6-^^)/«^^^(/S-^ o] 

A20°CS. ^ -S-EfloilA-l ^]^^ ^Efls 150A21 ^^^is %^^SL a ^ ^ 

4 BST^ ^ ^^^Qr, c^]^x^ ^^o^S. <^^^ ^^5^- Zl^x] ^-f olcf. 

<4i> lofl :a.^ol ^^^o.^ 10-7A/cm2l- 7l§o.s -i: «fl ^^^V ^-f zl 
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^^l^^S., £ 2^ «fl-^B]-(^>^ ^^)/BST^(i-B-^^)/«-^^^(^i-Y ^^)^^ ^] 
1- 4201:^ -S-EflollAi w]^^^ Aj-Bfl^ 220A^ -f-^^lS ^^J^>^cf. ^Sz^S. a ^ ^ 

£ 2<H1 JS.^ W>fi|- ^o] ^^^o.^ 10-7A/cm2^ 7l^oflAl 1- N2O 1-Sl-Sn> 

<^^* ;^^7]- ZL^xl 917} ^<a-a: ^Tfl ih ^ o^^cf. ^, N2O g-^7lo11 

Al #Bl-^Pl-S ol^^ -oo^ ¥^^^7> ZL^^] c-l ^rf. o]sq- ;a-ol 

BST^^ ^-^^ ^ N2O ^^7lo)lA^ ^^^^} o^^* ^4- BST^^ 1-^1-* 

#<=^ ^3tl]A]Ei ^^^^ ^A^# 711^1^ ^ oj^^ ^ ^ OJC]-. 

^^1^0.^, 500 X: '^m^ ^^'^lAi Ml^^ ^EflS ^^1-^ BST^ tfl<^l^ 1-^1-, 
^ifl afl#5]^l ^ji ^^^rf. n^el-A^, 150A^ BST^^ ^]^^ ^^S. 

^ S^oi] n:)-Hl- ^^7} o]^7]] ^i^V^^liTOF- SIMS (Time of Flight - 
secondary Ion Mass Spectroscopy )# <^l-§-sl-<^ 



<47> 
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1 XttM. 






u ^ 






. , ^ 1 


1^ 






ofR%^r?n^oiy 1 


M 


' 150A/420P 


'35QS -g-^ rri 


^ 1 




150A/420t 


'(5%) 30^ •='] 


^ ^ 650t:, N2+O2 

' 



<48> s. S6\]A^^ ^3, ^S. a, b, c ^2^- Afl^ 1, 2, 3 ^ 4^ ^sfl- M-B|-v£i:}. s. 3<H1 

wj-sf ^o] ^e:)# Afl# 3^ ^#^^1 ^-^ 2::<i:e.i:l- ^-8: ^ ^T:f. 
c]sf ^o] BST^ ^ ^^#^^1^^ ^dti7> ^ZL rcj-e). ^i- 

<49> sEti-, ^ ^^^m^ ^^/Ji-B-^^V^>^ ^^-^^ ^^}^ 

^]^]^ ¥^ -a work function )S] ^>ol6|] o^^^^j ^v^j^]- 

^ r^Ej] aflslo^Cshottky barrier )<^1 ^^1s1:e.S. -ir^^, 

^tfl CO2. C #0]^ ^^^^ ^ ^cf^ "kMl ^*>^ ^ 

^^^^^ ^mm^. 

<50> £ 4fe ^ ^^<^1 m}<^ ^^s] ^^^sl -H-^oil 14^ ^^1- jnefl^ 

<51> ^^1^0.^, £ 4^ S.t:l-g-^-(Ru, ^^)/BST^(i-^^^-)/^T:1-g-^K^^^^^) 

^ ¥^^^^^^^-8: ^7] e^-cl^. <^l-§-^H ^^^sl 

tl: ^^(%Si^SL a)^ ^^^1 ^-f (^S^^ h)'^]T=}: -2.^* ^l-g-tb ^7] 
^^■lel^ 350°C<HlA-1 5^:?> 10%^ ^^^V^i^. 

<52> £ ^^o], ^^o^S. ^^^5:1 ^}^] l.OV^]^^ 5x10-3 
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A/cm2^ M-EfLfl^tH] wV^H, ^^o.s ^1-:^ ^-r^ l.OV^^l^^ 

1x10-5 A/cm2s. ^1= 1/100 7}^ #<H^^. ^^^S. 

<53> ^ ^^^m^ 650 °C o]^o^ Jl^ ^^A^ ^^7], c^lfirfl ^^7loflAi 

5}- 1^^515^ ^^I'^l ^-^ BSm ^'>\] -tt:^ ^^(vacancy) ^^^^] 

<55> ^^i^^s., :£ 5^ Pt^H*>^ €^)/BSTmJi-fr€^T-)/Pt^(^^ ^^)^ ¥^^^ 

N2^^7]o\]A^ ^zv ^ Dfl AV^l- ^7>t!: ^-f (^S^^ aS. ^^1) ^ ^dil- ^7H1->^1 

#2:^21 SA])olr:l.. £ 501] :a.^ol ^^M. ^7>€rl-xl ^-f-^ ¥^^^7> 

l.OV^l^i 5x10-3 A/cm2# M-B)-xfluf, a].^- s. ^7}^ 2l:^^]^^^ ¥^^^7> l.OV^l-H 
2x10-6 A/cm2l- M-B^-ifl lOOOwfl ^ ^ ^tzf. olsq. ^o] ^aj-A] 

^7>^ ^^7V 31-711 £l^ ^^Ol ptOS Slol ^^6\] 

^ ^^7} BST^ ^fls] A]-^ ^^o^ ^^>^J1 -^^1<^1 l^^e^^l Pt 

7> nlzLSllol.^ S]^ #ol7l nfl^olcl-. 

<56> cl^o], ^A^Al A>^fl- ^7m -^1^ ^ ef^^, -^l^ 
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tH ^^o] s.^^ ^^7loflAi o]y^^^ PtO ^^^o] ^o]^}ji 7^-^!- 

711 ^ ^ 9X^. €^3] ^^11: ^7]] :^ e^-tq^^vo] ^^7]c>\]A^ 

^J^-^M^ ^ ^^^^ ^^7]oflA^ c>^^^l- ^-f Pt nlneflol^^ ^ 

^r^l- #^ ^ SZOI ¥^ ^Tfl ^ ^ Sl^, ^<^1 

>a-oll -6-^^ ^<=>il ^^^^m 1:^^, '=^1^1^ CO2. C^^^'U^ ^-5-^ ¥^ 
ti>£^] 7l^^ t^7] ^oil ii#Al7l;^l ^o> ^g-xll- ^ o;tj7 ^1-71 ^>:^ ^q- ^ 



^ji ^1^1 
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<59> 



^11 



Horn. 

^^1 2^ -^S. ^^^^^^11^ ^1 <A]<^] B]^ WVSI. ^ ;^V^] - a]- ^-11 3] ( 1 , 

71^)7]- S^g^ 7-1-/^1 :e( 3 )7> ^^1*>^ ^^5^- ^Ja1(5, loadlock chamber)^, ^^7] S.^^ 

o}-(7)-g- ^wj^V^ ^flHl(9)5f, ^7] S^i3^ ^^w1(9)'>fl t:f7l^ ^fltH(ll) 

^, ^7l cf7l^ ^fltJl(ll)o11 <?^:l^ <^l?it:fl AV^ii H^-cl^^ ==r -2-^ 

^^^S7l £^ #e1-^^> ^^^37l# ^wl^Vcl-. 

^«-], ^M. i=f7]^ ^fliH(ll)^ Ji-^^^i-# ^^1-^ ^ o>uie:}- ^^^71 ^ 

-g-^ofl nq-^ ^ti] 7>^ ^ J:-i-2^-# ^ o;^x:f. 

1=1-71^ ^fla^l- ^^il^VTl] ^^t!-^-. £ 7 ^ £ 8-8: 7>^t!: 1^7]^ 

^flH^s} #Bl-^p> o^^o] 7>W r^7]^ ^el^H -£A]e>^ 0.14^ e>i4s. ^ 

^01^3]- ^el-s^V o^i^ o. rq-7l^ ^ S. 9X^. 
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<64> 



^% -^7] ^^{17), c^l^cfl Ba(THD)2. Sr(THD)2 ^ Ti(THD)2(0-i-C 3H7)2-g-^# 
^^1- ^ ^>^1(17, 19, 21, 23)1- ^wltbt^. ^J-7l ^>^1(17, 19, 

21, 23)^ ^7] «n^l ^^-^1(19)^1-, ^1-71 ^^fl 

^T-^1(19)<H1 -^^1 -B-71 7l^Al^ ol^ -,^^^^(21)fif, ^1-71 7l2^7] 

(21)S.^Bl^ M-^^ ^7l 41^1- o]^^ ^ o;i£^ 7>>i, cil^itfl o|.e^ 7>^7> yfl* 

5]^ OW :^:i(23)S. '^'l-^^^n^-. ^ ^Alc^loll^i 7]^7]^ ^^S. ^^^^}'^^^ 1 tfl 

37flS. ^ H SZ^l-. ^]%7\] 7]^^ 7>.fi^ :±:^ ^^](25), «^mcfl A>^^ 

^1^1- ^7]^ ^^tHdl) ^S. ^^^>7fl ^A>^x:f. ^7l -B-71 ^o]7l ^ ^1 ^ 

^flS^ THFCtetra Hydro Furan), n-butyl acetate, aceton, alcohol <^l^^T=f. lie] 

^ 7\^ ^^^{22)7} ^^^o] o^j:)^ ^ ^x\<^]6\]A^^ BST^* <A]S. Ta205^ 
# Ta(0-C2H5)5S ^Aj^ ^ ^cf. 

^e^Jl, >^>7l t:f7l^ ^^B1(11)5] ^\^^ «y'?^^(24)l- S.^^ te^l ^1^13^1 

(27, 7l^)7> ^o]^ ^];^ltfl(28)fif, ^7] ulS^l ^-ll^^l^l^ 300~700°C^ S 

^ ^1B1(29)7} ^c]-. -^1-71 ^1EK29)^ Jl-^^^^ 

^£7> r}^ :^-^oi] B)>57ll JL ifl^ ^ ^Hfls. ^A^^Vtq-. 

ZLe^Jl, ^7] Cf7l^ ^^HKlDoH^-ardll ^t^^ ^^7]^ o]!^ ^ 

^^5^17]^ ^-^|7l(15)7> <a^5l<>l ^t\, ^7] SL^ ^^S7l(15)<HlAi^ t} 
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7>i^<HlA-^ ^ lOOOsccm-lOslm, 1-30%. 0.1 ~ 10 voWoS. 

^^^4. =1^^, ^^3^ 47]^ ^^wl(ll)^ ^^^^]^ ^^-i- ^*St3:4. 

^>-g-€ 7>::^i^ Cf7l^ ^flWl^l yfl7l^o]] ^^j^ ^]7] ^^1(31), ^^(33) ^ 

7>^ >ia.s1wl(35)l- ^^^1 o.^ ^^S. afl^^cf. ^Sfe ^ 

7] t:f7l^ ^fli3l^ 0.1~10torr^ ^^<=Hl^i ^ Si^^. 

^o]7] ^>^^ <?>^)1- ^7>S. ^^1^ ^ :£ 9X^. n^JL, ^-7]^ 

ai)^ ^^^}7] ^^]^ 7>i, c^l^cfl CIF3I- ^^*>7l ^tt 7>i ^i(37) 

7> 1^7]^ ^^ti1(ll)<^l <ams)ol o;[i:f. 
<69> £ 8^ £ 5^ #e?-^^> ^^57l<^l cf7l^ ^flw^sl <a o^l^ 7fl3^=^AS I^A]^ £ 

^oM. S. 8^ l-Bl-^n> ^^S7l# #^0.^ £Al^>o|j7, cfyl^ ^fltJl^ £ 6^ =1 

elJl. :£ 8^ #e1-^^> ^^571^ ECR #e1-^^># ^^^V^^M- W^^^}, ^]^^ 

13.56 MHz^ RF #e}-^p>l- A>-g-^]-o^£ ^«<}-^|-4-. 
<70> £ 8-8: #2:^>^, 47]^ ^^^1(11)^ 2.54GHz^ n>o]3.S5^s. oj-g-^]-^ eCR ^^2. 

n}^ ^^3^1 7]^ ^^^^} ^^S7l<2l- <a^E)oi ojrf. >^7l ^^^rj} ^Aj7l^ ^^aJ^ p>o]3. 

» if-tVi::]-. ^7l l-e}-^T3> 7>i ^i(47)S-^El^ O2, NH3, Ar. N2 7l- 
^7f nfzLvilEJ s<a(45) A>ol<:,l]A-^ Q^, NH3. Ar. N2 SE^ N20^ #B^-^Tn>7> 

<7i> ;^l2^A]c^l 
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<72> 



ji-H-^^^^^el % ^^^H^7\ 1=1-71^ ^^»1(ll)sf, ^3}-^ 

^ ^^wl(51)«- ^wj^Vcf. i42l-^i, ^11 ^Ajc^lofl Jl4^^ oi-qei- ji^ 

^q- ^7] i^^^o] ojo] ^q-^ ^aj-^ ^ o^jl, 5r>^ 

<74> £ 10^ £ 92] ^aV ^fltH ^ <:^1# 7fls^=^ O.^ S^] £'^^1 cf. 

<75> ^^12] o.^, ^aV ^fll3l(51)^ -6-^^^ 5.^^^ #^1-^ 

bis(etchycyclopentadian)[Ru(EtCp)2], Ru(THD)3(THD: Tetramethyl heptadionate) 
1- -§-pfl<=Hl -§-^^ ^^1 ^J-^l(55)l- ^-n 7]^7]{b7)^V^ 7l^Al^cf. o]^ 

Til 7] 2)-^ 7>i^ 0)4. 7]->i i>i(59)S^B] 1^^^ o]^ y}^^, <^^t^ 7>i# 

^]^^\^ ^:^1(61), <^mtfl A]:^:] ^1^1- ^3lfAl^ ^fltJl(51)^ ^<a^]. 

Til <aA>Al^4. 

<76> ^e^Jl. >^7] ^^tH(51)ofl^ ^-y^CeS)* -i-^M ^l^lT^(64)o11 S.^^ 

£^1 ?fl<^l3Jl(65, tiVS^l 300~600t:2l ^^S. ^ §lEK67)2f 0.1- 



<73> 



^^1^0.^,^^^^^ ^l2^A]c^loll ^tb^^^^^^ ^>^1^«>-^ ^^^Sl. Ji-^^ 
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lOTorrS] <a-^* ^ 9X^ ^^(69)* ^wltl:^-. =1^:^, ^4 ^^^1(51) 

^^1-^ ^fl^^* 4^ ^fl^J 7>i. C1F3 71-^1- ^ Afl^ 7]-^ 

(70)7> ^-^ ^3}- ^fltJ^(51)oll ^^s]o^ ^uf. ^ ^AlcJloflAi^ ^^o.s^ Ru^^ <^]S. ^ 
^ €^^>5^-^M-. 5£^ vfl^^^ ^^-ir 

<77> ^13^A]<^1 

<78> £ ^ ^x^S^ ^^]<^M MVn]. :^^]^ AS £^1^ 

igsolcf. ^ ^vrgo) ^Ajc^l^ ^12 ^Ajc^jo^ cf7]^ ^^tH(ll) ^ ^^1- ^^ti1(51)<^l 
^JH1(71)7> 5L^^ ;^1^^>J1^ ^^^*>c|-. 
<79> ^^la^ o.^, ^ ^vx^o^ ;H13 ^^]<^M ^^1^ ^>-?- Jl-R-^ 

^ ^^1- ^^1(51)^, ^^1^^ ^ns. -B-^^* ^^iS^^S. ol^6i]Ai o^i^ 

^ ^1-7J-^ ^ ^ ^ £^ ^v^^ pfl<g^ i^S. ^^^tt 

^.^y] ^^Hl(71)fe 300~900*C^ 7]:^ 0.1-760 Torr^^ ^y-^, 

^^7] wlAV^A^ ^^7l^ S^o] 7>^*>t:f. n^-e^-A-l, ^ ^13 9]^}^ 

42 -^^Hlofl Jl^j}-^^ oj-ule^ ^a}- ^ ^oil ^^^^ o]^ o. oiAj^s 

<80> ;^]4^Al<:^l 

<8i> £ 12^ ^ ^14 ^^H1<^1 ^^11- S^ltV 7fl^^ o.^ SAltV ^ 
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S. tlr^jtl: ^-i: ^l^^>:n^ -^"^^m. ^7] -R-^^ ^"1^(73)^ t]-7]^ ( 1 1 ) 2]-^ 

<82> ^^1^ ^ ^r^o^ 44 ^^]<^]^] ^^]^ Ji-^^^ 

^^tfl(51)# ^wj^rq-. it^s\-A^, ^ ^^$] 44 ^^^5^ ^<^] 

^ ^^^el;7>^l£ § ^ 91^. Il^]B.S., Jl-^^BV ifl ^>w. ^Hl 

<83> ^l5^A]c.^l 

<84> S. 13^ ^ 45 ^AHlofl ^X\^ 7^^^0^^ ^X]^ 5g 

<85> ^^1^ o.^, ^ ^^s] 45 ^Ajo^io)] M]-^q- Ji-B-^^^ 

^^Wl(51)^, <H^^M ^^51-^1 ^^Sl- 

^^w1(7i)# s^tbi^. c>i^ ^flBl(7l)fe -a-* ^ ^^9X^^^ 

7}^^ t.fl<gA^ icS ^^^^T-Uf. ^7] ^^^^ O]!^ ^^131(71)^ 400 

~900°C2^ 7]:^ 0.1-760Torr^ ^sj-^^ ^^7l ^ wl^arsl-^^ ^^7] S^o] 7> 
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<88> ^^1^ 0.3.^ ^ ^tgo:| ^*!: ^^^1- ^^1^ ^-6-^^^ 

^flu] (51)54. ^^^51 ^ ^ 9X^ %^i77m ^^^^ 

^ ^ ^Al^S. ^ ojcf. 

<89> ;^ll7^Alc^l 

<90> :£ ^ ^xgo^ y^]J ^Alo^jol] WVnl- ^ J^a] ^ 7ll5^=^ AS. £A] ^ 5g 

<91> ^^l^^AS.. ^ ^7 ^Alc^joll o^tt ^1-^ ^ 

^a}- ^flti1(73)^. ^^-g- ^^1-^ ^ *flHl(51)s1-, ^l-Efls 

A^ ^^37] #e]-^T3> ^^371^ ^^(13)* ^7] ^^sj-o]^ 



<86> 



<87> 



H 14^ ^ ^^^^ ^16 ^Alc^]oil wi.nl- £Al^ 7115^^0.^ £Al*]: ^ 
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S ^ SlT=f. ^Sis-S, Jl-R-^^i- ifl<^l ^Hl ^^1-^ ^^^S 

<92> ^^IS^Alc^l 

<93> £ 16^ ^ ^18 ^^1<^1<^1 7fl5^=^^S. ^ 

<94> ^^l^^S., ^ "Q:^^ ^18 ^^HHl ^tb ^^1^ ^^^^131 (79)1- 

i^W. ^^tH(79)^ ^ ^'Hl i^-^S. -R-^ls]Ji 9X^ 7l^o] 

1:<>|7>71 ;5ioll Pie) ^zl-^^s>^ 7]:?^ ^zl-ofl ^^-^ ^1^1 Al^-g: #0]^ 

^ £ 511=1-. -^l^i -^^^^ ^"^1 -^^^ ^^1- ^e^s. <^i<i^^ 

s.^ ^^t3l(73)<^l^i 7]^^ ^^i*!- #^1^ 

<95> ^iQ^Ajo^] 

<96> Sl 17^ ^ ^19 ^Al<^1<='11 ^^^1^ S-^ltl: 7fl§f^^S. JEa]*!- ^ 

<97> ^4^JOs., 49 ^aH]o11 o^t!: ^^1^ ^^^^ -R-^^ ^ 

2}- ^flul (73)^1-, ^7] ^^^^ 9X^ -6-^^ ^^^1(81)^. ^^7] -e-^^ 
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*^tH (81)^1 ^^57] #sf^i^> ^^37] o^^ ^^(13)31).^ ^ 

^3V^4^ Si^ ^^^(51)* ^wl^Vcl-. ^V7l -^^^^^-IH^ ^flBl(81)fe ^1-^ 

<98> oiJ-e^-A-l, ^ ^tg^l ;=tfl9 ^aHH] Jl-H-^^ ^ ^^^sl* 

<99> ^llO-^A]<i|] 

<ioo> £18^^^^^ ^110 ^ ^1 ^ ^^^-1 ^ ^^1 # H^l t!" 7fl £^1 1!: 

^ ^UO ^^Hl^ ^19 ^^l<^l<=>lli^ ^^^s] ^«Hl(77)# ¥^^^ 

<ioi> ^^la^^S., ^ ^i^s] ;^1]10 ^^1<^1«^1 S^tt ^^^1^ ^^^^ 

^ ^ ^fe ^^^(77)9 ^al tcl-sl-^i, ^19 ^AHjofl 2.32}- sqc]] Ji-^^ 

^- ^z}- ^o]] ^^sjs^H ^1-^ ^^^1 ^^11^>^ ^ ^"t ^-i: ^l7l^^ 

<102> ;^lll^Al<^1 

<103> :£ 19^ ^ ^t^^ ;q]ll ^Alo^lol] :£^1^ :£Al^ 

<104> ^sfl ai ^5., ^ ^ ^111 ^^1 '^l ^ fl: ^ ^1-^1 ^ 51- 1^ ^fl Hi (71)^ 
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o^^ ^^^o\]A] o]^-^ ^19*H ^^rflAlE^o^ ^^€^1- ^^i^l^J ^ oic^ 

<105> ^112 ^^Hl 

<i06> ^ 20^ ^ "0:^^ m2 ^Aldilofl o:i*V s.^]^ ym^^S. £^1*!: 

z]- ^^tf|(79)7> c-] ^1^*>J1^ ^'g^W. 

<io7> ^^l^^^s., ^112 ^^HHl <=il^ ^^^1^1^ <^1^ 

(81) ^ ^z^- w1 (79)71- 5£^2]cH ^4. <^1^ ^^wl(81)^ "^^"^ ^<^1 7]^ 
-B-^^- ^^^s. '^m^^s.^ -^^^ *^w^(73)oi]Ai 7]:^^ <y:^2|- 

#^1^ ^1:* S£ ^z]- ^flw1(79)^ ^^1-^ Ji^^S. ^ 

^1£]J1 ^fe 7l^o] ^HlS^ 71-71 ^ofl nlsl v^Zl-^O.^'^ 7l^ ^Zl-ofl ^^tb ^1^1 -^1 

<108> cl^rHl^i^ ^7l ^ «1-Bl- :^J-^11- ol^s->o^ til-£^l 4,^>o^ y>]^X]^]^ ^1 

S^l-^ £. 21 tfl^l £ 29# <^l-g-^}^ -M^ ^1-71 ^^lo^ll-o. ^ MVBl- ^ 

A^ ^J-^l# oi-g-^H ^3^AiE-l# ^is^ ^ cl-<y:tt ^1^ ^ 'a^S.^ ^ ^t:!-. n 

^ 444^. ^2,^s. ^ ^^Hl^-1 ^^l^s. 4^ ^ 

L+El-vflcl-. SEtb. 7l3i)]AlEloil ^olA-1 ^>«- -^^Bl- ^a}- 

^^-i: €^ ^^oH, ^1 ^^1-^ ^-S-<^1 ^sl-^i ^19^ ^^^1 

<109> :£ 21^ ^ ^^<^1 «V£^1 ib^^V^l tHs^aI&I ^aHU- ^t^*>7l 
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<iio> ^^1^0.^, 7l:g-(ti]-:£^l ^flo]3E|) ^Vo^] 50~10000A^ ^^1^ ^Isfi^l^^i^ s-> 

^ 101). ^>7] Ru02. Ir02,(Ba.Sr)Ru03 

^^o^ ^S^-#, ^^1- vfl'i^^ o]^^ ^ o|tq-. zielc-fl. *]-^ 

<lll> olo:|A^, :sr]-^ ^^o] 7l^^ i:f7l^ ^^tH<^lA-l -^V^ ^^^^'^] 

^^7], c^l^rfl ^^7l #el-^i:'> ^^7lollAi ^ ( ^ 103). 

<112> >^1-7l ^^^el^ ^^7l# ^l-§-*>^ 7]:^ ^JE^ >a-^~700t:, W]- 

300~450°C ^ i^^^S^ 0.1-10 V01%<^l^i 5^ ^^tlr^f. c1^<=l, 

^§ O^^^l ^>51A1 2:^1-^ ^ £ ^rf. >^T-71 ^^-iBl^ «Hl-^i^> 

711- ^>-g-«: N2O. O2. NH3, Ar, N2^ ECR RF ^^^^} ^^7]^ ^l-g-^fZL ^g- 
^~500t:^ 7]^ 0.1~10Torr^ "Q-^ S^I^H^i ^ ^^l-^l^l^i^ 

N2O 7>i# <^l-g-t!r ECR #el-^T3># A}-g-Br>n^, 200t:^ 7]^ ^^^]^^ 1-10^^ 2^^^ 

<ii3> cl-^<Hl, c}7l^ ^^^]^^ ^7] s->^ ^ofl Ji-^^^, c^l^tfl BST^^ 100-500 

ASl ^711^ ^n7]^^zS-^ Sfe :fiS]E^^ig ^3)-^t:].(^^i 105). ^7] Jl^^^o^S. 
BSm^r ^7]^^^^7]^^^^^o_S. ^^j^m Ba(THD)2. Sr(THD)2. Ti(THD)2 

Mr 7l^O.^ -^71 ii^^Sl- 02^4 N20^ ^^7>>i» ^Sl-7>>::S *>o^ 400~600°C^ 7] 

^^S., l~10torr -a-^ 2l^^]^^ 
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<114> 



cf^o]], x\7]^ -^^ev ^^^el ^^^^ ^^l*!:T=1-(^^^i 107). ^ 



^^7l<^lAi ^^^Vq-. l=l^o], >S-71 ^:^^Sl jLoZfl- x:^^7] ^ tfl -^^^V 

^ ^^^s] ci-T^l^ ns] ti>^-^ ^ s. 3X^. olxtfl, t!r ^H#S. ^^^^ n^^^^ 20 
~200Ac>l wV^^i^Vcf. o]^ ^z^AHl i-g-s)^ -g-^ 

<115> t:1-^ofl, ^^^7\ ^S.^ ti>:£^l 71:^^ #2}- ol^^Al^H ^^^S]^ -B"^^^ 

50 -3000 AS] ^^^^{^^^ 109). ^>7l 

^ 1-^* -B-7l^#5|-«^71^j■^a^^(M0CVD)-^S ^^atb 

^. c^l^tfl, MOCVD^-^S Ru# ^2}-5r>^ Ru(EtCp)2# 7]^-^^. 150 

~500t;, '^■^'^1 0.1~10Torr2] S:?!'^!^'! Ru# ^ 
<116> rf^ofl, ^^o] ^sV^ til-S^l 7]:^* ^^HlS. oj^^Al^^^ ^^^^ o^^* ^ 

111). ^7] ^^Sj- c^^^BST^* 500~800°C, ^^^^ 
7]^ 0.1~10Torr^ ^^i^l '^-^'^'ll^-l ^^M^^. Ru# BST^ ^^AS ^>-§-^ ^-^^ ^^7\ 

Ru^ ^^1: <a= 5£^S>7lM- Wl^^^jS] ^^7l7l- ^^§>o^, Pt^ 

^-^^ ^di7l- 1~10%<^1 ^^7\^^7\ ^'%^\t\. o\'d^]7^^ 

o1^^£7> ^^^^ ^ol^m 750t:^ o]^^£c>llAi 30^ ifl^l 30^^1 ^^^>i=f. ::l5]zl, 
T^sflAlEi ^A^Al ol^of rf^ ^^>o^ ^^^^6\] nl^l^ #ol7l RTACrapid 

thermal annealing) ^l-§-t!:^. 
<U7> £ 22 ^ £ 23^ z^-z]- ^ ^t^ofl ^^aflAlEi ^12 €^1 
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<118> ^^l^AS. £ 22^ :42 ^AHl^ ^>«. ^^^2l<^l^i^&l ^^^M ^ 

^j-^HlA^ <?lAl^S. ^^^m ^1^1S}J1^ ;^ll ^Alc^jsq- ^<^5>rq-. ZL5l 

:£ 23^ ^13 ^^l<^m ^1-^ ^^■le^'^l^i ^n^}^] ^ 

<ii9> H 24 ^ :£ 25^ ^ ^^'Hl 51 ^ ^^n] ^:^}^ ?l3flA]E^ ;^14 ^^Hl ^ 

<120> ^^1^ ^14 ^^l"^!^ ^^m- ^1-^ ^oil ^^^Sl 

^ ^^^^ *>M-^ -«Hl<^lA-i ^1-^ ^:^^sl^E^ ^A^^V^l ^ 

«Vx^ o) wvn^ ^^Hl^i ^^1^^ ^^^>^ ^-i- ^1^^>31^ ^7] m ^^HlSf ^'a^V 

<121> £ 26 ^ S 27^ ^ ^^<^1 «>£^1 ^;^}^ ^^^IB^ ^16 ^^]^] ^ 

<122> ^^l^l ;^16 ^Ajc^l^ -a-^^ ^oil c^l«i 113)^ ^^^}JL ^ 

^ ^^^<^lfe ^ 71^ v^Z^ ^^^(^i^^l 115)*i^^Cf. ^71 c^M 

-Br^S. 7l:^^£7} ^ Si^^ 7]^ d\]<^ ^^J^B] 7] ^g: ^| Z| 

ClAl^S ^^^>J1 ^ ^^W^cllAl ^^tVl^. <^]S^'^]^ ^1 

1 ^Alc^j^q. -^<a^}4. n^JL, S. 27^ ^17 ^^1<^1^ ^^^^El c>^^^^M 
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<123> 



<124> 



^^^t!: ^^^*>^-. :^13 ^Alc^lSl- ^o] ^^^-^-Bi 

^a}-^>xl ^<a^Ml W. ^l^^i, ^J-^ ^^<='1 ^^^^ ^£^1 

rii^^ 117) ^>7l ^^S^ ^7]^ ^^a1<^l^i ^^7], <:^m 

cfl i§ ^^7l, 7l^ 200- 6000 °C, -^^^iE^ 0.1-10 V01%<^l^i 30^ xfl^^l 

30^^S =t^*S^rf. 1151 ji, :^>^^^ 7] ^o]] 2| # ^ S ^1^ 

<i25> :£ 29^ ^ ^^<^1 ^tb ^£^1 ^^V^ ^211^1^1 ^1S«J-^^ ^19 ^^1<^11- ^^^>7l 

^ ^1^*>Ji^ ^^^-1, ;^18 ^^\<^^ ^<^1 ^ -a-^^^^ 

^ A\ ^^^^T=1-(^^^^ 119). 

50~1000A^ ^^IS- ^^^^f-nf. ^M^i, ^18 ^^I'^l^-^^^ -S"^ 
* ^^^Hltlr^C^^^ 121). ;^1^^H, ^7l A\ ^-^l ^12 

50~3000A21 ^^1^ ^^^^trfCi^ 123). ^l^Tll ^1-^ ^'^l ^l^ll^lBl^ ^ 

^ ^71] 7>^ ^ ^ ^i. ^^51 ^-yf\% ^7>Al^ ^ gir^-. 

<127> :£ £. 28'Hl A^ ^A]c^l# «>£^1 ^^>^ 7^ 511 A] ^lS<^1 ^ -g" 
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<128> 



^«^^(103)'^1 ^^}^ ^^^^ 71^(101)^ ^E^ti- <^^<^1 



-i-^^'?] ^oi-'^-^S ^<^(105). =el|<y ^^^(107) ^ 7llo]E ^1-5:1-^1(1 09 )# 7fl;^llt!- 

(107)011^ wis e1-^(113)4 ^7] ±.^^ <^^(109)^1^ ^^^S^^i-(115) vfl^ ^^*<^1 
^^^^ $5-lZL(ll7) ^ n^<^ ^#^(119)^ **><=^ §1--^ ^^(121)^^1 ^^is] 

^ ^^1 ^^(121)^ 50~10000A^ ^^^IS ^51- 

<i29> =L^JL, ^7] ^^(121) -a-^mi23) ^ ^1-^ ^^(125)<^1 ^^^slc>^ oxt\., 

-^^^(123)^ w>sl- ^o] ^-a-^HV, d^l^cfl BST. Ta205, AI2O3, Ti02, 

Y2O3, SrTiOsCSTO), PbZrTiO sCPZT), SrBi2Ta209(SBT), (Pb,La)(Zr,Ti)03 
Bi4Ti30i2S ^^^tt^-. ^H^JI. ^^71 -^1-^ ^^(125)^ ^7] ^^(121)31- ^o^^ «j. 
^^S. ^-^tt ^>^^^rf. 

<130> n^Jl, ^7l ^igoil s1-t^^<^l ^-?l7l, 

^Tfl 7>^ ^ ^ cl^^^l, ^1-71 ^19 ^^Hl^ ^'^l ^^^sl^ ^^(125) ^Hl ^12 
^^^^H ^^1 ^^11- ^7>Al^ ^ £ o;irf. 

<131> .^1-^^ ti>5]- ^o] ^ ^tgol] ^^>ig. ^>«- ^ #5f^T.> o]^S. 

el^rl-TlM-, ^ o^^ £^ #2l-^P> ^^^l* ^^^V^ ^>-¥- 
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^^^^ ti>£^l 7l:&# Cfl7l #<^11 ^of *-3V^ «j-^l^><^ ¥^ ^^S- ^^1 
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[^^^^^^] 
I^^^J- 1] 

^-7]^ ^^Wl=>fl <=^^^ O]^ it^H ^H^ollA^ ^f-f- 

^y] -^^^ ^^Bi ^ *m ^^^^ ^ 

2] 

^11*^<H1 ^^^i, -^7] o:)^ ^^^37] «-5l-^T.> ^VaJ7]<?J ^^^^^ 

*m ^1-^^ ^^1. 
[^^^J- 3] 

^11-^J-<>11 $Z<=H^i, -^7] -R-^^^ Ta205, AI2O3, Ti02, Y2O3, SrTiOs. (Ba,Sr)Ti03. 
PbZrTiOs, SrBi2Ta209, (Pb,La)(Zr,Ti)0 3 Sfe Bi4Ti30i2^^1^-1 ^-^ ^ 
^1 ^1-^ 

4] 

^11*J-<^1 47]^ ^^Hl^ tiVS^l ^•l]ol3]7l- ^l^lcflc^ ^ o> 
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^14%H1 SZ^^-^l ^-fl^l -B-71 ^ ^ ^^fl 



^15«J-<^1 ^^^i. ^^71 71^71^ 1 ifl^l 3711S ^^^^m ^^^^S 

^12^J-^1 $Z^^-1, Cl-71^ ±^ '&^S7l7> <^^S\0] $X^:^^ ^7] Cl-71^ 

tifl7l^<^l^ ^iTl ^^17> ^^Slol ^1-^1. 

[^^^J- 8] 

^12^011 ^oi^i. ^>7l #el-^n> ^^J7l^ RF ECR ^^^^} '&^^7]9l 

^s. ^^1. 

[^^^J- 9] 

^l2*J-oll 9X<^^^, ^7] #el-^p> ^^571^ NH3, O2, N2O. Ar #5}-^n># 

^V>gA-|^ ^ ^j-:^l. 






^1-^ ^>^1. 
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10] 

^ll^Hl ^7] rf7l^ ^-fl^^ 7}^i 

:^^7} S^^SjcH ^^^S. 

[^^%- 11] 

[^^^J- 121 

sr]-^ laV^I- ^1-^1. 

13] 

/^iiii^i 9X^^^, ^7] ^^^^ ^s^o\]^ ^m7} <^^s\o] o. 

S. ^^]. 

14] 

^^-O^ ^^1. 

15] 

^ ^ti]^]-^ ^^^^ ^S^; 
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^7] ^^^^ ^^B\d\] ^^s\-<>\^ ^ 

^ ^j-^ ^ 9X^ ^^i^s ^1-^ ^1-^1. 

[^^^J- 16] 

^ ^1-^ ^1-^1. 

17] 

^V7] E ^^3) ^BB^oll Jf^^e:] ^fltfl; ^ 

^7] ^^^Bl ^^tf|<Hl <ia^€ <=>1^ S^^><:^ ^7] ^fltHo^l^i -fr^^l- 

^^■IB]!- ^ ^^i^s ^1-^ ^1-^ ^1-^1. 

18] 

m?^^] 9X<^^^, ^7] 4^^^ Sl^ ^v^S7l SE^ ^^>S7l^ ^^^^^ 

s. *|-^ ^^1. 
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19] 

^S. *>fe ^^1. 
[^^^J-201 

^^l-OS. ^^1. 

21] 

o.^ ^^^1. 
l^^^d- 22] 

^1 o.^ ttVB^ 
23] 

^S.^] ^Hl ^1-^ ^^^^m 

^71 ^ofl ^^^-^ ^^j^m ^^1; 



56-37 




1019990039839 



1999/11/19 



1^^-% 24] 
251 

[^^^J- 26] 

^123^'^1 ^<^A1, «Hl-^i^> ^^7l^ N2O, O2, NH3, Ar, N2^ ECR RF # 
B]-^n> ^^7l«?l 41^1-^ 7]4A]Ei ^A^«J-^. 

27] 
28] 

^123«J-<H1 ^^A-l, ^V7l -B-^^^ Ta205, AI2O3. Ti02, Y2O3, SrTiOa. 
(Ba,Sr)Ti03, PbZrTiOa, SrBi2Ta209, (Pb,La)(Zr,Ti)0 3 afe Bi4Ti30i2^<^1^1 

[^^^J-29] 

;^123%H1 $Ic>^A-l, -^^^^ ^^^*>7l 
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30] 

[^^*J-31) 
321 

^129-^J-^l ^^A-l, -^1-71 #^i-^>^ ^<H1 ^^^^ ^^-fir 

33] 

m2-^M 9X'=^M, ^7] ^^^^ <^^^>^1 ^>M-^ 

^1^-1 ^^l^S ^^S^m AS sl-^ ^^>^ 7^511 A] El 

[^^•^J-34] 

[^^^J-35] 
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l^^^J- 361 
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